Background/aim: Preattentive visual search (PAVS) describes rapid and efficient retinal and neural processing capable of immediate target detection in the visual field.
Introduction
Preattentive vision describes the ability of the visual system to extract basic features from a visual scene in parallel i.e. parallel processing will prioritize feature differences within the scene; these will pop-out instantaneously from the background and attract attention. [1] [2] [3] Several studies have shown that the search for a target pattern among homogenous distractor patterns is fast and parallel once this target differs significantly from its background in some basic stimulus dimension such as orientation, flicker, motion etc. [4] [5] [6] [7] A pre-attentively detected stimulus appears to "pop-out" [7] and this allows very rapid detection of a target among a field of distractors before a saccadic eye movement can be made.
Pre-attentive vision is a global visual function that can perform a simple analysis of image content simultaneously across an entire image, compared to foveal processing that provides a spotlight on only a limited portion of the visual field at any moment in time. Consequently it is a reasonable assumption that preattentive vision is dependent on neural mechanisms being intact across the retina. If this is the case, a suitably configured preattentive visual search (PAVS) test might be able to detect any condition that produces damage across a significant area of the visual field or to the neural hardware subserving vision. If pop-out does not occur, for example because glaucoma is present, the search will become dependent on foveal mechanisms whose small spatial coverage require a serial search strategy with each part of an extended image being examined in turn, and response times will increase accordingly.
Glaucoma remains an enigmatic condition, frustratingly elusive in the earliest stages, often progressing despite apparently "successful" therapeutic intervention. and dementia. [21] In the former case, the authors reported that PAVS tests successfully discriminated between patients with and without glaucoma. The intention here is to determine if those results could be substantiated and to evaluate PAVS in suspects without established conventional field loss.
Materials & Methods
The software used to present and control the experiment was adapted from that devised by Flitcroft et al.
[19] Figure 1 shows a diagrammatic representation of the target and 119 distractors as presented for the orientation test. A two-alternative forced choice paradigm was adopted, with subjects required to accurately locate the feature pop-out as quickly as possible on left or right side of the screen using two handheld buttons.
Subjects were allowed twenty practice presentations on each of the three targets. More 5 detailed descriptions of the apparatus, stimuli and subjects tasks have previously been described elsewhere. [22] Insert Figure 1 here All subjects were required to have minimum visual acuity of 6/12, no significant media opacity, no other known ocular or systemic disease, an open anterior chamber angle and a Humphrey visual field assessment performed within the past six months. Full ethics approval was granted by DIT ethics committee and informed, written consent obtained from each subject. Subjects were classified into one of three groups using strict entry criteria ( Figure 2 ) that required the subject to discriminate the target from a non-target and indicate its relative location on the right or left side of the screen to test for any non-glaucomatous motor/neural deficiencies that could complicate interpretation of the results.
Insert Figure 2 here

Results (A) -GLAUCOMA Vs SUSPECTS Vs NORMALS
2-tailed independent samples T test was used to compare the mean response times for each target type across the three groups. Figure 3 illustrates a number of significant findings. There is an apparent increase in search times among suspects and particularly in the glaucoma group compared to the normals group for each preattentive task. The elevation is most apparent for the orientation task.
Insert Figure 3 here Table 2 outlines the independent samples T test analysis, revealing a statistically significant difference between glaucoma subjects and both normals and suspects across all PAVS targets and interestingly, also for CRT. Differences between suspects and normals are non-significant for the flicker and orientation task, but statistically significant for the displacement task. No differences were detected in CRT means between normals and suspects. Given the possibility of psycho-motor reaction time effects in an elderly subject group, and the observed statistically significant difference between the CRT for glaucoma and both suspects and normals, it was appropriate to examine the effects of any processing differences in the statistical analysis. As such a new index was formed comprising the result of the PAVS time divided by the CRT for each subject, which we have termed perceptual search index (PSI).
Simple inspection of the group means of the PSI in Figure 4 again highlights a similar performance effect between the groups, with the glaucoma group mean substantially increased compared to the other groups.
Insert Figure 4 here
Independent samples T test analysis confirms the statistically significant performance impairment in the glaucoma group compared to both normals and suspects. More interestingly however, this index appears to differentiate between the normal and suspect groups on the basis of a statistically significant difference (p < 0.05) between the respective PSI scores across all target types (Table 3) . Figure 5 shows the primary open angle group to have slightly increased mean PAVS times compared to pseudoexfoliation and low tension glaucomas for each task (whose search efficiency appears similar in all cases).
Insert Figure 5 here Figure 6 shows an interesting PSI variation from the basic PAVS data above. The low tension glaucoma PSI means are consistently lower than the pseudoexfoliation and primary open angle glaucoma groups, which are remarkably similar. The effect is largest for the orientation task.
Insert Figure 6 here
Independent samples T test confirms similar performance effects between the primary
open angle and pseudoexfoliation groups across all tasks. Again there are no significant differences between low tension glaucoma and both other groups for the flicker and displacement tasks. The orientation task however shows a statistically significant difference between low tension glaucoma and both other glaucoma subtypes (Table 5 ). It is therefore unsurprising that the orientation task employed here has consistently increased PAVS response times compared to the flicker and motion targets. This may reflect a difference in the processing speed of the two pathways involved, a fundamental difference in the processing capacity of the two pathways, a difference in the capacity for attentional capture of a stationary versus a motion/flicker singularity (moving targets may be visually more important from an evolutionary perspective), or possibly nothing more than a basic difference in the task complexity. The CRT test requires a subject to indicate the location of a specific target with only one distractor. If preattentive search efficiency is compromised, a decision can still be made following a rapid saccade at stimulus onset to one of two possible locations. A decision on target location can thus be made almost instantaneously. By its very nature, preattentive search times should not increase significantly above the CRT regardless of the number of distractors. The CRT therefore gives an indication as to the approximate search time a subject should achieve given normal preattentive processing skills.
The CRT was thus used to determine an alternative, more robust performance index (perceptual search index -PSI), presumed to be free of any such potential artifactual defects.
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The PSI analysis confirms the loss of search efficiency in the glaucoma group to be statistically significant. The finding that the suspect group PSI data is significantly different from the normal group data is of particular interest. The magnitude of the effect is obviously lower than that observed in the glaucoma group, reflecting perhaps the fact that neural loss is more advanced in the glaucoma group. The PSI mean is on average 15 -17% higher for suspects compared to normals depending on target type, and between 76% (flicker) and 230% (orientation) increased for glaucoma above 
